SHEAR BLADE GEOVETRY AND METHOD BACKGROUND TECHNI CAL FI ELD

[ 0001] Enbodi nents of the subject nmatter disclosed herein generally relate
to met hods and systens and, nore particularly, to designs of shear bl ades
that nore securely shear a tubular. DI SCUSSI ON OF THE BACKGROUND

[0002] During the past years, with the increase in price of fossil fuels,
the interest in devel opi ng new production fields has dramatically

i ncreased. At the sane tine, the equipnent for extracting the oil is
under goi ng conti NnuUOUSHERGADEIGEGMETRWAND MEXHEDt i ve and reliable. A
ram bl owout preventer (BOP) is used in nost wells for ensuring that the
wells are closed in the event that a high pressure devel ops inside the
wel I's or when various tests are conducted or when equi pnent above the BOP

needs to be replaced or rennvege_Aap(@Rogﬁg BOP is configured to act as a

val ve. Shear BOP are configure close the well but also cut any
t ubul ‘?ECWNI&%E' §|Et|_lbat may be present inside the well.

[0001] Embodiments of the subject matter disclosed herein generally relate to

methods and systems and, more particularly, to designs of shear blades that more

securely shear a tubular.

DISCUSSION OF THE BACKGROUND

[0002] During the past years, with the increase in price of fossil fuels, the
interest in developing new production fields has dramatically increased. At the same
time, the equipment for extracting the oil is undergoing continuous changes for
becoming more effective and reliable. A ram blowout preventer (BOP) is used in most
wells for ensuring that the wells are closed in the event that a high pressure develops
inside the wells or when various tests are conducted or when equipment above the BOP
needs to be replaced or removed. Thus, the BOP is configured to act as a valve.
Shear BOP are configured to not only close the well but also cut any tubular or tools
that may be present inside the well.

[0003] For example, it may happen that during drilling, while the drill string is
inside the well, a high pressure pocket is intersected by the drill. In this case, the shear
ram BOP is used to cut the drill string to seal the well to prevent the high pressure from
propagating to the rig above for safety reasons. The shear ram BOP traditionally

includes two blades that move towards each other for shearing the tubular. However,
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[ 0003] For exanple, it may happen that during drilling, while the drill
string is inside the well, a high pressure pocket is intersected by the
drill. In this case, the shear ramBOP is used to cut the drill string to
seal the well to prevent the high pressure frompropagating to the rig
above for safety reasons. The shear ram BOP traditionally includes two

bl ades that nove towards each other for shearing the tubular. However,
there are instances when the existing bl ades are not capabl e of shearing

the tybular or.t i NSi t I ThIS
a1 o e 8 Rt ®Bh e B g BRickn Rt AL P AR AR IB IR e
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[ 0004] A shear ram BOP is shown in Figure 1. A BOP 16 is sho havi ng ram

bl ockEeS36 In FRESHERNIBIYER'S thol BAk desihey Y B itard MayvesulidRsSiet IAPRR by a rod
22, inside a first elongated cavity 24. The first elongated cavity 24

ext entieesal o bettermae@ga@dw Oﬁh@\éé%a'?’épéﬁﬁaﬂe@edﬁwlﬁy aBOBy)$ ends al ong
axis Y, substantially perpendicular to and intersecting the first el ongated
cavi t yisedssetheextam bl ock 20 may i nclude a shear blade 28 that is configured
to cut a tubular 30 that may be present inside a well 32. The shear bl ade

28 najodoaye a shasipewdgm BORts ahbwatin Fijuye dutrsBOG016 Bshohenhanémessar y.
Anot her sim | ar shear block and shear bl ade may be provided in an opposite
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ram bl ock 20 and the shear blade 28 is shown in Figure 2. The shear bl ade
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t he ram bl ock |ty of screws 36 are ‘used. Corresponding hol es 38
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shear blade 28 may have a sharp edge that effectively cuts tool 30 when necessary.

Another similar shear block and shear blade may be provided in an opposite region of

the first elongated cavity 24.

[0005] A more detailed view of the ram block 20 and the shear blade 28 is

shown in Figure 2. The shear blade 28 is shown detached from the ram block 20. To

attach the shear blade 28 to the ram block 20, a plurality of screws 36 are used.

Corresponding holes 38 are formed in a frontal face 40 of the ram block 20. The sharp

edge 42 of the shear blade 28 is configured to shear the tool. The thicker the tools

provided inside well 32, the more powerful ram blocks 20 and blades 28 need to be

provided to resist to the high pressures present inside the BOP when cutting the tool.

Such pressure may be between 2,000 and 25,000 psi.



[ 0006] A top view of a pair of conventional shear blades 28 is shown in
Figure 3. It is noted that the two bl ades 28 are symmetrical and have two
cutting edges 44 and 46 that nake a | arge angle a between 120 and 180.
These edges may determ ne the tubular to nove to a central position.
However, these cutting edges may fail to shear the tubular if the walls of
the tubular are strong or the size of the tubular is larger than a certain
val ue. [0007] Accordingly, it would be desirable to provide systens and

nmet ho at avojd the afore-described proble n r awbacks. .. SUMVARY
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bl ades .to be provided in a ram bl owout. preventer for cuttin tubul ar. The
pai r fﬁf‘s Bfedt %tltéﬁé‘é’o iPrrdegddsarg sYmrastrigpland hang My civRg ﬁ@%ﬁ%&gn A8vi ded
substantially in a sane pl ane; anP a secpnd bl ade having cutting edges
provi Hed maketalgrgs an@s oshaiweant!i28l ppd J8Pal Teeseseddasanay Hetesming &@ edges of
the first blade fit between the cutting edges of the second bl ade. The
first tubluleddo moyvedopr egrdiad positipor Hoveven tfespueudiing eddes mayfal to sfwarty of t he
second bl ade. [0009] According to anot her exenplary enbodi nent, there is a
shear theanbblhoiidhe walleokitedub(BOR)e sthaaig omtbé stesofahd bubhuldray ilargeathbinrast

el ongated cavity extending along a first axis and a second el ongated cavity
ext engérgn palupendi cul ar to and intersecting the first elongated cavity; a
pair of ram bl ocks provided in the first elongated cavity and configured to

sl i defgdogng t he Adchrfingly! iBwolMIRSCdhilaBfe foFobide &yStehfygnd MM s that

avoid the afore-described problems and drawbacks.

SUMMARY
[0008] According to one exemplary embodiment, there is a pair of shear blades
to be provided in a ram blowout preventer for cutting a tubular. The pair of shear blades
includes a first blade having cutting edges provided substantially in a same plane; and a
second blade having cutting edges provided in two planes substantially parallel so that
the cutting edges of the first blade fit between the cutting edges of the second blade.
The first blade has a projection portion configured to fit into a cavity of the second blade.
[0009] According to another exemplary embodiment, there is a shear ram
blowout preventer (BOP) that includes a body having a first elongated cavity extending
along a first axis and a second elongated cavity extending perpendicular to and
intersecting the first elongated cavity; a pair of ram blocks provided in the first elongated

cavity and configured to slide along the first axis, wherein the ram blocks have frontal



faces facing each other and the frontal faces are configured to slide
towards the second el ongated cavity; and the pair of shear blades noted in
t he previous paragraph. [0010] According to still another exenplary

enbodi nent, there is a nmethod for manufacturing shear blades for cutting a
tubul ar inside a bl owout preventer. The nethod includes formng a first

bl ade having a front cutting face having a first geonetry, the first
geonetry pronoting a secure positioning of the tubular relative to the

secontrgadnne 70 Pl RARY RRAERAEAY, ool o bl BRGIRKN D °
2532‘3: Ilsw%e%{ ?“%ﬂﬂ&if & a's@géilﬁki?ﬁgo LRI Cand
i nst bl . Th
cut t RPWges orATaREtng fa B LRI USRI HGEb o BeBb AT VR Bt e e

t ubul ar when actuated. BRI EF DESCRI PTI ON OF THE DRAW NGS [0011] The
acconpriyifaruincasiiasg/adasifehcutieg pieRHIpoinaided PIAWRHBPEYABEETt UD€ a part of
the specification, illustrate one or nore enbodi nents and, together with
t he dmsaﬂncbcﬂmicmd,eséwpmag a firsiddadeehdday mgdrand cuitingtfaee baving ﬁngSt JeomeANFi gure 1
is a schematic diagram of a conventional blowout preventer;

the first geometry promoting a secure positioning of the tubular relative to the first blade;

forming a second blade having a front cutting face having a second geometry different

from the first geometry, the second geometry promoting a puncturing of the tubular prior

to cutting; forming cutting edges on the front cutting faces of the first and second

blades; and installing the first and second blades in a same blowout preventer. The

cutting edges of the first and second blades are configured to cut the tubular when

actuated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorporated in and constitute a
part of the specification, illustrate one or more embodiments and, together with the
description, explain these embodiments. In the drawings:

[0012] Figure 1 is a schematic diagram of a conventional blowout preventer;
[0013] Figure 2 is a schematic diagram of a shear block and a shear blade of a
conventional blowout preventer,

[0014] Figure 3 is a schematic diagram of a pair of conventional shear blades for

a blowout preventer,



[0013]Figure 2 is a schematic diagram of a shear bl ock and a shear bl ade of
a conventional blowout preventer; [0014] Figure 3 is a schematic di agram of
a pair of conventional shear blades for a bl owout preventer; [0015]Fi gures
4A-E are schematic diagrans of a pair of shear blades according to an
exenpl ary enbodi nent; [0016] Fi gures 5A-C are schematic diagrans of a pair
of shear bl ades according to anot her exenplary enbodi nent;

[0015] Figures 4A-E are schematic diagrams of a pair of shear blades according

to an exemplary embodiment;

[0016] Figures 5A-C are schematic diagrams of a pair of shear blades according

to another exemplary embodiment;

[0017] Figures 6A-D are schematic diagrams of a pair of shear blades according

to still another exemplary embodiment;

[0018] Figures 7A-B schematically illustrate how the pair of shear blades shear

a tubular according to an exemplary embodiment;

[0019] Figures 8A-F are schematic diagrams of a pair of shear blades according
to yet another exemplary embodiment;

[0020] Figure 9 schematically illustrates how the pair of shear blades of Figures
8A-F shear a tubular according to an exemplary embodiment; and

[0021] Figure 10 is a flow chart illustrating a method for manufacturing a pair of

shear blades according to an exemplary embodiment.

DETAILED DESCRIPTION

[0022] The following description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify
the same or similar elements. The following detailed description does not limit the
invention. Instead, the scope of the invention is defined by the appended claims. The
following embodiments are discussed, for simplicity, with regard to the terminology and

structure of shear ram BOP systems. However, the embodiments to be discussed next



[ 0017] Fi gures 6A-D are schematic diagranms of a pair of shear bl ades
according to still another exenplary enbodi nent; [0018]Figures 7A-B
schematically illustrate how the pair of shear blades shear a tubular
according to an exenpl ary enbodi nent; [0019]Figures 8A-F are schematic

di agrans of a pair of shear blades according to yet another exenplary
enbodi nent; [0020] Figure 9 schematically illustrates how the pair of shear
bl ades of Figures 8A-F shear a tubular according to an exenplary
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cutting a tool.

[0023] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring
to the same embodiment. Further, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.

[0024] According to an exemplary embodiment, a pair of shear blades to be
used in a shear BOP are different from each other. A first blade of the pair has a shape
that promotes a movement of the tubular towards a central location, and a second blade
has a projection portion that is configured to pierce the tubular while secured at the
central location of the first blade. Thus, the two blades work in tandem, one positioning
the tubular at a desired position and the other one puncturing the tubular. Cutting the
tubular is achieved by cutting edges of both blades. It is noted that the term “shear”
used in the exemplary embodiments is not limited to two blades that cut while
overlapping each other. This term is understood also to cover the situation when the
blades press the tubular between them and the blades do not overlap with each other.
[0025] According to an exemplary embodiment illustrated in Figures 4A-E, a pair
of blades 50 includes a first blade 52 and a second blade 54. The first blade 52 has aV

shape that promotes the movement of a tubular 56 from position A to position B when



shear bl ades according to an exenpl ary enbodi nent. DETAI LED DESCRI PTI ON

[ 0022] The foll ow ng description of the exenplary enbodi nents refers to the
acconpanyi ng drawi ngs. The same reference nunbers in different draw ngs
identify the same or simlar elenents. The follow ng detail ed description
does not Iimt the invention. Instead, the scope of the invention is
defined by the appended clains. The foll ow ng enbodi nents are di scussed,
for sinplicity, with regard to the term nology and structure of shear ram
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[ 0024] According to an exenpl ary enbodi nent, a pair of shear blades to be

60 and 62 and/or the central face 68 may be slanted relative to a vertical axis Z.

[0026] The first blade 52 is designed to have the cutting edges 64 and 66 at an

angle a (see Figure 4D) between 80° and 120° (to form a V-shape) so that the tubular

56 moves towards the central face 68 when acted upon by both blades 52 and 54. The

first blade 52 may be designed such that the cutting faces 60 and 62 intersect edges 71

and 72 of the blade as in Figure 4A or to have supplemental front faces 74 and 76 as

shown in Figure 4B. Faces 74 and 76 may be slanted or parallel to axis Z and they also

may have or not cutting edges.

[0027] The profile of the second blade 54 is different from the first blade 52. For

example, the second blade 54 has a front face 55 having two front cutting faces 80 and

82 that intersect each other at an edge 84. Each front cutting face 80 and 82 have

corresponding cutting edges 86 and 88. An angle B (see Figure 4E) between the

cutting edges 86 and 88 may be different from angle a. Angle 8 may have a value of

about 60°. The front cutting faces 80 and 82 may be slanted relative to axis Z as

shown in Figure 4C. The slant of the front cutting faces 80 and 82 and the cutting

surfaces 60 and 62 may be between 13 and 30°. Figure 4B shows holes 90 in the front

cutting faces 80 and 82. These holes are configured to accommodate bolts that attach



used in a shear BOP are different fromeach other. A first blade of the
pair has a shape that pronotes a novenent of the tubular towards a centra

| ocation, and a second bl ade has a projection portion that is configured to
pierce the tubular while secured at the central |ocation of the first

bl ade. Thus, the two blades work in tandem one positioning the tubular at
a desired position and the other one puncturing the tubular. Cutting the
tubul ar is achieved by cutting edges of both blades. It is noted that the
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cover the situatio en, th | ades pre the tybul ar. between them and the
bl adeé’tﬁaﬁf ot éf”ﬂﬁ%w the @38 > g}tﬁmgrrgm[s%egg] AE mnﬂal?t?%\é\ﬁn exenpl ary
enbodinment illustrated in Figures 4A-E, a4 pair c?f IIg),l ades 5§3i cl udes a
first [B928le 52 anpneterErIARY G bdimendlipsiraled B) BigUras>Aiks adr$t shape t hat
pronotes the nmovenent of a tubular 56 from position A to position B when
cut t i idadentOq igisimisar tadladene? piaviqushy digeussedhdéug, thepgletaieeofHiade16Q 8ig f ace
53 that includes two cutting faces 60 and 62, cutting edges 64 and 66 and a
cent r alot fuither 6BcuTdesl hayat rasedoaddla®: t0hhas nultipde chding lacasmap digeessedo and
62 and they together formthe face 53 facing the tubular of the first

bl ade nexheAcsmndinglto tras ex&@plmy eldodimergdtheaecohdwiader (i lvasr & cdingnd has its
own cutting edge 70. As shown in Figure 4C, the cutting surfaces 60 and 62
and/ 0redEB@hél&@éérﬁble%Q\C\ﬂ/—@f’apéBYAéJQlcﬁzlnﬁmI€i ureehBitthe @etondbhdetliogaHasaxi s Z.

[ 0026] The first blade 52 is designed to have the cutting edges 64 and 66 at

an an@%& @rARER0A b A FrohPhuRSiavREs BRe ADAL difhckt 6l iREINHEs WrstAage) so that

t he tubular 56 noves towards the central face 68 when acted upon by both
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faces I'ntersec in Figure 4A or
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cutting, edges 7] The profile of the second bl ade is. different from
t he ficag'f‘g%uéfééég% %8?“ Wb 8 sechr %WSE&UBW&Q%‘ &eajg ihlerfffﬁtt face 55
having two front cutting faces 80 _and 82 that intersect each other at an
edge Surveduting sifacet’d erptindee Wb adhid gptting\iairiase 1d8 seddha§eeend i ng edges
86 and 88. An angle p (see Figure 4E) between the cutting edges 86 and 88
may beudiedfatiing surfasm Hifgiantinueswith@ fouragutingesusfagallge. dhedbsite 60. The
front cutting faces 80 and 82 nay be slanted relative to axis Z as shown in

Fi gur éouth cuitiey slidantesof0&, Hé0f t thand d20 inmy e fiatss iBacesd FB@llgridetthied cut ti ng
surfaces 60 and 62 may be between 13 and 30. Figure 4B shows holes 90 in

t he fofiihg@uttat®d18aeatn @R witdadith slifase 1bRled ths eoetinduttng edrface 120
acconmodate bolts that attach
continues with a sixth surface 124.
[0029] In one application, the fifth and sixth surfaces 122 and 124 are not cutting
surfaces. Further, the fifth and sixth surfaces 122 and 124 extend in a plane that
includes axis Z while the first to fourth cutting surfaces may be slanted relative to the Z
axis as shown in Figure 5C. Each cutting surface has a corresponding cutting edge.

Figure 5B shows for simplicity only the cutting edges 126 and 128 of the first and

second cutting surfaces 108 and 110.



the shear blade to the shear ram bl ock. However, the holes 90 are not
necessary as other neans for attaching the blades to the ram bl ocks are
known in the art. [0028]1n another exenplary enbodinent illustrated in
Figures 5A-C, a first blade 100 is simlar to blade 52 previously

di scussed. Thus, the details of blade 100 are not further discussed here. A
second bl ade 102 has nultiple cutting faces as di scussed next. According to
this exenplary enbodi nent, the second bl ade 102 has a cutting edge that
rese a Ws e, hown in Flgure.5 t he s n 0 as atop
surfrarg 4 andqﬁg'f'rleoﬁf SE%‘?’? gdgmf@%gn Tﬁ%o P@nﬁecgﬂgg’gac% ﬁ@&%‘%ﬁ ﬁ%‘gs first
and second cutting surfaces 108 and. 110 that intersect each other at an
edge @Y hapga ?'i”?'g{ PEAUStioRy thaliis SRUIgHERS ORIHEhIIESE GPERSRPIAING 8T PR
cutting surface 114 and the second cutting surface 110 continues with a
seconéheciany block fer atipghingrthadéaderle. therameieae  Thusy Buthisuembagimant there 114

continues with a third cutting surface 118 and the second curved cutting
sur f atsend néed tnhaveukdesin thedlddas and boits forajtastthab@degdo theheant blogkst o
fourth cutting surfaces 108, 110, 118 and 120 may be flat surfaces.

Fi nal [6031] he t hiAatocdihg tmgnsthef exemplh8/ embbodimess illustratea ihiFigures 6AF@ce 122
and the fourth cutting surface 120 continues with a sixth surface 124.

[ 0029 fitstiredcaPPd haghifmt ctitifigfsuffabe 202 adidd secdutifdars20LRagadrok?4 are not
cutting surfaces. Further, the fifth and sixth surfaces 122 and 124 extend

In a pli@ng shiate DG kil ¢as B4hrdjettivh b8 it B&ehtrbflegioh dfaHE bideutibig surfaces

may be slanted relative to the Z axis as shown in Figure 5C. Each cutting
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shown in Figure 6C, the front flat cutting surface 212 and 214 are parallel to axis Z.

[0032] The second blade 204 has the central projection 208 including flat cutting

surfaces 220 and 222 that intersect each other at edge 224. The flat cutting surfaces

220 and 222 may be slanted to axis Z. The edge 224 is also slanted to axis Z and has

a most projected point 226 as shown in Figure 6D, which shows a back face 228 of the

second blade 204. Flat cutting surfaces 220 and 222 of the projection 208 continue with

first and second cutting surfaces 230 and 232 of the cutting surface 206. The cutting

surfaces 230 and 232 are slanted to axis Z and curved. They continue with third and

fourth cutting surfaces 234 and 236 which have cutting edges 238 and 240. Cutting

surfaces 220, 222, 230 and 232 may also have cutting edges but are not referenced for



[ 0031] According to anot her exenplary enbodinent illustrated in Figures
6A-C, a first blade 200 has a front cutting surface 202 and a second bl ade
204 has a front cutting surface 206 that has a projection 208 in a central
region of the blade. Mre specifically, as shown in Figure 6B, the first

bl ade 200 has a top face 208 and the front cutting surface 202. The front
cutting surface 202 includes a curved cutting face 210 and front fl at
cutting surfaces 212 and 214. Each cutting surface has a correspondi ng

o ax eI BAS. Eifierthih Bk aPeSeacs 4 c o fifhocs BoiFRy ndfe PUBREST," 510 214

are parallel to axis Z. [0032] The second bl ade 204 has the central
proj e¥98% 208 including flat cutting surfaces 220 and 222 that intersect

each other at edge 224. The flat cutting surfaces 220 and 2 may b
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projected point 226 as shown in Figure 6D, which shows a back face 228 of
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208 continue with first and second cutting surfaces 230 and 232 of the
cut t i mgraliet faaibe 2@6s. These aurfacey rvay backesigpsd tampto3sudacessd hardi214 axis Z
and curved. They continue with third and fourth cutting surfaces 234 and

236 whif tHe firat/elade200nJ hedgest (238j@cimoc 2@ 26@fttheé sgecand blade20220ay @y 230
and 232 may al so have cutting edges but are not referenced for sinplicity.

Howev egct d smainsurddl i Igalé @, sirfeseorgdiit] the raosifaeestediopaiot2deage cutting
edges. [0033] Third and fourth cutting surfaces 234 and 236 continue with
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surfaces and may be parallel to the Z axis. These surfaces may be desi gned
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correspondi ng ram bl ock while Figure 6C shows a projection @2 of the
seconGOBPHRRNDTINIIOEVE N Hg GRIEESPANEING SRMEYPEh dPHIET gresd\peisms top gttaching

correspondi ng ram bl ock. Q her nmechanisns for attaching the blades to the
r am biisckladaajo the rageblocks may be used.

[0034] The embodiments shown in Figures 4A to 6D share the following feature
illustrated in Figure 7A. Considering generic blades 280 and 290 having respective
cutting edges 282 and 292, and considering a tubular 298 provided between the two
blades, it is noted that blade 280 moves along line 284 and blade 290 moves along line
294, which are substantially parallel but not the same. Further, it is noted that when
shearing the tubular, the blade 280 overlaps blade 290 as shown in Figure 7B, and the
upper part 298a of the tubular has been severed from the lower part 298b of the tubular

208.

10



[ 0034] The enbodi nents shown in Figures 4A to 6D share the follow ng feature
illustrated in Figure 7A. Considering generic blades 280 and 290 havi ng
respective cutting edges 282 and 292, and considering a tubul ar 298

provi ded between the two blades, it is noted that bl ade 280 noves al ong
line 284 and bl ade 290 noves along line 294, which are substantially
paral l el but not the sane. Further, it is noted that when shearing the
tubul ar, the bl ade 280 overl aps bl ade 290 as shown in Figure 7B, and the

298 t ubul ar _has_been. t 298b of
oy i L
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bl ade. More specifically, as shown in Fi gure 8A, the first_blade 300 has a

top slieseietheouitiingedos pithe firgdddadmeMore shasifically oip P BT igee @iteAds from

a central portion of the front face 306 and this projection portion is
desi gifiea! blaslepd @} laas a hep subagead304 ang affiophfaceai®. 3D erejesticarparppeB0Borti on
(seen in Figure 8A) and a | ower portion (not seen in Figure 8A), each
havi ngxfends tfroamd ceatrelngbrtion of ihg ffadt ésce Fad asd thps pojectiongrdrijort ilse upper
portion of the front face 306 is described next. The upper portion has a

first desightti® prece BtGubndr.aThe fontface t30BNGsiAcep it horac@ebah Aguae cut ting
edge 314 and 316, respectively. Symetrical faces (shown 1n Figure 8F) are

provi gag afa atibfel pYRibn RAGLsechn FiuraBRl) | Eadh dving ﬁ@téﬁ@@éc&m élend over part
are not identical to the faces on the upper part The | ower part 1ncludes

mrro C rl"i’&? r f y trical
to fa(?:aedce%' gco:?%ﬁ%l er s%?:ﬂteicgFB ér(bo ace é% 13'0@ grérgrgn%ﬁ%)gt mﬁ%g edge
314 a i.ng edge
316. Qﬁ%é%?or}@ﬁ: %%%Crt)r%tr‘{btt%rg %gge“‘hﬁagajné ?alg(?csotn%c tf&;ﬁ%c&%? §§Q€ %\ghé 3econd
cuttln face 3 t tersect ea er at an The . first and
Secondiiind EHE T4t ek Eicivel nSUE iRk Toech @J‘?\pﬁmda%z&ws??) Bib36] A
cross section al ong line AAAin Fi ure 8A of the front face 306 is shown in
Fi gur groyesled on the; lgwer garteIn eng §PWC§“BFeth?HéC%Se%HIf ewet PAd araset 312 on the
upper part and its symetrical mrror face 312a on the | ower part of the

f ront lcéatj@alsgdihe fges oarthe iupper pait.f dhe fawerpagtiociugdes migaufage @18, shown in
Figure 8F. A top view of the first blade 300 is shown in Figure 8E. It is

not edsyrateticat ésfagd® 1032, mBds facn81320yrametrsdahid fede 1@l afhevietdrsedtioner t i cal
axis Y as shown in Figure 8C. Further, Figure 8C shows a projection 330 on

t he beffacéase0 ahdtI@afforss tHel adindedyaB s bhi shelmgresttionof faceosi2 gnged to
slide into a groove in the ramblock for securing the blade to the ram
bl ockface 312a forms the cutting edge 316. The projection portion 308 has a first cutting face

318 and a second cutting face 320 that intersect each other at an edge 322. The first

and second cutting faces 318 and 320 have their own cutting edges.

[0036] A cross section along line A-A in Figure 8A of the front face 306 is shown

in Figure 8C. In this figure it is visible the second cutting face 312 on the upper part and

its symmetrical mirror face 312a on the lower part of the front face 306. The same is

true for faces 310, 318, and 320 as shown in Figure 8F. A top view of the first blade

300 is shown in Figure 8E. It is noted that faces 310, 312, 318, and 320 are slanted
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[ 0037] The second blade 302 is illustrated in Figures 8B, Dand E. It is
noted that this blade has a top face 340, side faces 350 and a front
cutting face 360. The front cutting face 360 has a V-shape. The V-shape is
made by two edges on each armand a cavity 362 in a central region for
accomodating the projection portion 308 of the first blade 300. The front
cutting face 360 includes on each side of the V-shape an upper cutting edge
364 and a | ower cutting edge 366. The cutting edges 364 and 366 are spaced

E? {nacefs s Pl %85“%3%@0 R E““B%efé%ﬁ%é@ﬁ BT F.Agﬁiif )
pai 13 FAEH S8 ol Bgeets o) (e s 6ce TR AR O S P EBLER G e

profile of the flrst bl ade 300, Figure 8F sho e first blade 300 froma
front sifeinted qraaye tberamdlogkfor s %@urf%@e}iﬁggm S4Bt ting face 312
are shown formng the up part of the blade and the mrror first and
second0@¥flti ng f b‘é§e®1®gb|aﬁ@l3@?;2%“&‘%?#?9%5%‘\7\%‘%B%a@ta“QfEtHés peigde. The
projection portion 308 is shown having the upper first and second

pr oj edhatdhisftdadeshad 8 temthce B Oaniletfaeed 39 and arfgant andingdaemdb®r heifront
projection faces 318a and 320a. The correspondi ng edges 380 and 382 are

al so ghuttimg. facé 803 MpBiaf V-ahape. The-siepepisevadrisy jwaedgessrdaeimbodiamerd s, t he
first and second bl ades 300 and 302 are designed to nove along the sane

line XavidpB62 th #REAGAIrEgIdhTECAdRMmMbGtirReveproigcikort pdrtibaB08Df siofat i n
F| gure 9. [0040] According to an exenplary enbodiment illustrated in Figure

t ade BG0.aThdRbROEUHRY fABRBHAREILEES BN aBRIsTdeXf tREGRshdYedsiPappstr a BOP
such t hat the shear bl ades have different geonetries. The net ho i ncl udes a

2 cocitamoagePi? B A Wg fing eREEEE, TR PufirhiseRbe BOERTHI 00 anda -
1 om chacrd 1ot e FfndRERES AT4apES B @f}t‘?.f'ﬁsé%ﬁ%%“%%&?ﬁﬁ forthe ' eren
Second® sp&cﬁhféﬁgm Soaf e Bo 8 Betieansh Fhonp FoeSieon; DR8oRd Bt am Bop

f or cuttlngthe tubular. It is noted that blades fromdifferent enbodi nents
d

may bé&Ungdacesod e i, P arshded thabintersect in pairs at the cutting edges 314 and
316.
[0038] To place in perspective the profile of the first blade 300, Figure 8F shows

the first blade 300 from a front view so that the first cutting face 310 and second cutting
face 312 are shown forming the upper part of the blade and the mirror first and second
cutting faces 310a and 312a form the lower part of the blade. The projection portion
308 is shown having the upper first and second projection faces 318 and 320 and the
lower first and second mirror projection faces 318a and 320a. The corresponding

edges 380 and 382 are also shown.
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[ 0041] The di scl osed exenpl ary enbodi nents provide a pair of blades and a
BOP that nore securely shear a tool or tubular present inside the BOP. It
shoul d be understood that this description is not intended to limt the
invention. On the contrary, the exenplary enbodi nents are intended to cover
alternatives, nodifications and equival ents, which are included in the
spirit and scope of the invention as defined by the appended cl ai ns.
Further, in the detail ed description of the exenplary enbodi nents, nunerous

speci f ] etails e set forth in order to provide a conprehensjve
underé{)‘g}fﬂi ng ofD?gI;?ée’EI?%’i RrRVIOHBIY shscuss @E\X’Pdﬁﬂ%ﬂ@k’ihﬁlfﬁﬂ 3 the art

woul d understand that various enbodi mrents may be practiced wi thout such
speci eeorfEbladps 300 pod APRAreKIss et e Meve alpRe thengprae dRe s SUbin t he present
exenpl ary enbodi nrents are described in the enbodi ments in particul ar

conbi wappeisdirecdion, fosaeveringoa tulludareas shoan ibd-igwred. al one wi t hout the ot her
features and el enents of the enbodinents or in various conbinations with or
wi t ho(@04filher f eataordingandnelxemphdrg editslirmeedilistradec in Fig0A3] Thherensia t en
description uses exanpl es of the subject matter disclosed to enable any

per sometkod f@dnamufadtariag b gair ¢irshehi bladed orsaBOP duthl thdi the gmaki badasd usi ng
any devices or systens and perform ng any incorporated nethods. The

pat enhabt Qifffone dmdties. STk RftihdBintRides 2 $16H 108 oPYorkilyy HedirsBplagad My
i nclude ot her exanples that occur to those skilled in the art. Such ot her

Eizrpwtcgﬁ?\g § fit i RBARE Y tRatiF oW Y B sEBGeS6eRR_NYr & fiBulh 8 BE cut Wil hd S
pair of blades, and a step 1002 of forming the second blade to have a second geometry,
different from the first geometry, that promotes a cutting of the tubular. The method
further includes a step 1004 of forming cutting edges on both the first and second
blades, and a step 1006 of installing the two blades in a same BOP for cutting the
tubular. It is noted that blades from different embodiments may be mixed together in a
same BOP.

[0041] The disclosed exemplary embodiments provide a pair of blades and a
BOP that more securely shear a tool or tubular present inside the BOP. It should be
understood that this description is not intended to limit the invention. On the contrary,
the exemplary embodiments are intended to cover alternatives, modifications and
equivalents, which are included in the spirit and scope of the invention as defined by the
appended claims. Further, in the detailed description of the exemplary embodiments,
numerous specific details are set forth in order to provide a comprehensive

understanding of the claimed invention. However, one skilled in the art would

understand that various embodiments may be practiced without such specific details.
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1. A pair of shear blades to be provided in a ram bl owout preventer for
cutting a tubular, the pair of shear blades conprising: a first bl ade
havi ng cutting edges provided substantially in a sane plane; and a
second bl ade having cutting edges provided in two planes substantially
parallel so that the cutting edges of the first blade fit between the
cutting edges of the second bl ade, wherein the first blade has a
proj ection portion configured to fit into a cavity of the second bl ade.

: }“GTE ﬁpgfilh T R f?s*fgglg”ﬁfgf%%#%?q PR Contral ?QQL’En
Fi st comeaANS aéefjﬁéﬁfﬂb%mﬁagé”r&’&ﬁfms ?Zr&pwa%e@f cm@ ‘F@B[}?’a‘?aq n concert

with a front surface of the second bl a $a| r of shear
bl adededtracprglamgnt giebeiused ﬁ@rﬁrwmo%ﬁﬁ alber Eﬁat‘t"ﬁ@ ai”F’r% mgntgt @ rpri ses:

an upper part having a first cutting surface and a second cutting surface;
and embodiments or in various combinations with or without other features and elements

disclosed herein.

[0043] This written description uses examples of the subject matter disclosed to
enable any person skilled in the art to practice the same, including making and using
any devices or systems and performing any incorporated methods. The patentable
scope of the subject matter is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the

scope of the claims.

14



a lower part having a first mrror cutting surface and a second mrror
cutting surface, wherein the first cutting surface and the first
mrror cutting surface intersect each other at a first cutting edge, and
the second cutting surface and the second mirror cutting surface intersect
each other at a second cutting edge. 5. The pair of shear bl ades of
Claim4, wherein the projection portion further conprises: an upper
part having a first projection cutting surface and a second projection
cutting surface; and a lower part having a first projection mrror
cutting surface and a second projection mrror cutting surface,

wherein the first projection cutting surface and the first projection
nirrovvﬁﬁfﬂ$ﬂ§J§Uﬁ§&3% intersect each other at a first cutting edge, and
the second projection cutting surface and the second projection mrror
cutting surface intersect each other at a second cutting edge. 6. The
pair of shear blades of CQaim5, wherein the first cutting surface

i nt er sect s1wh phirtdfishéanridades ) ke piovivedun i rag blonbatprevehter secatithacat t i ng
surface intersects with the second projection cutting surface, the first

m rr ofubeidr! ihagpasusiishear blrades seeipsisivgt h the first
a first blade having cutting edges provided substantially in a same plane; and
a second blade having cutting edges provided in two planes substantially parallel

so that the cutting edges of the first blade fit between the cutting edges of the second

blade,

wherein the first blade has a projection portion configured to fit into a cavity of the

second blade.

2. The pair of shear blades of Claim 1, wherein the projection portion of the first

blade and the cavity of the second blade are in a central region of the blades.

3. The pair of shear blades of Claim 1, wherein the first blade has a front surface

configured to cut the tubular in concert with a front surface of the second blade.
4. The pair of shear blades of Claim 3, wherein the front surface of the first blade

comprises:

an upper part having a first cutting surface and a second cutting surface; and

15



projection mrror cutting surface, and the second mrror cutting surface

intersects with the second projection mrror cutting surface. 7. The
pair of shear blades of Claim3, wherein the front face of the second bl ade
conprises: a first cutting surface; a second cutting surface that

intersects with the first cutting surface to forma first cutting edge; a
third cutting surface that intersects with the second cutting surface; and
a fourth cutting surface that intersects with the third cutting surface to

2 V- shape. oW bt Py RE et irpr Pl heboR S GRELE P BB FEZ, T 07

bl ades Otj Claim7, wherein the first to fourth cutting surfaces forma
W shape"8f% the cavity is fornmed in a central apex of the W shape.

wherein the first cutting surface and the first mirror cutting surface intersect each

other at a first cutting edge, and

the second cutting surface and the second mirror cutting surface intersect each

other at a second cutting edge.

5. The pair of shear blades of Claim 4, wherein the projection portion further
comprises:

an upper part having a first projection cutting surface and a second projection
cutting surface; and

a lower part having a first projection mirror cutting surface and a second

projection mirror cutting surface,

wherein the first projection cutting surface and the first projection mirror cutting

surface intersect each other at a first cutting edge, and

the second projection cutting surface and the second projection mirror cutting

surface intersect each other at a second cutting edge.
6. The pair of shear blades of Claim 5, wherein the first cutting surface intersects

with the first projection cutting surface, the second cutting surface intersects with the

second projection cutting surface, the first mirror cutting surface intersects with the first

16



9. The pair of shear blades of Claim8, wherein the first and second
cutting edges are substantially parallel to each other. 10. A shear ram

bl owout preventer (BOP), conprising: 17 a body having a first

el ongated cavity extending along a first axis and a second el ongated cavity
extendi ng perpendicular to and intersecting the first elongated cavity;

a pair of ram bl ocks provided in the first elongated cavity and confi gured
to slide along the first axis, wherein the ram bl ocks have frontal faces
faC|ngreach ot her a faces  are c&a&é?grﬁd to . slide towards the

G.d t he frontcfa\l
seconBUPIHGLNEPT CHingBUTTaRe and the secgad miger WA & 8aF P §ied to be
attached to the ram bl ocks and al so configured to shear a tubular provided
in t hthesIRWONE REPISALRI BT @RHtHRG $HEAFSt he ram bl ocks slide towards the tool,
wherein the pair of shear blades conprises: a first blade having cutting
edges provided substantially in a sane plane; and a second bl ade
havi ng cutting edges provided in tw planes substantially parallel so that
t he cutti ng. EBugpsir of shder tiadestoflillaide 3f whetedt thednont iacecoft the sgcenid bkdef t he
second bl ade,
comprises:
a first cutting surface;
a second cutting surface that intersects with the first cutting surface to form a first
cutting edge;
a third cutting surface that intersects with the second cutting surface; and
a fourth cutting surface that intersects with the third cutting surface to form a
second cutting edge,
wherein the second cutting surface forms a V-shape with the third cutting

surface.

8. The pair of shear blades of Claim 7, wherein the first to fourth cutting surfaces

form a W-shape and the cavity is formed in a central apex of the W-shape.

9. The pair of shear blades of Claim 8, wherein the first and second cutting edges

are substantially parallel to each other.

10. A shear ram blowout preventer (BOP), comprising:
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wherein the first blade has a projection portion configured to fit into a

cavity of the second bl ade. 11. The shear ram BOP of d aim 10,
wherein the projection portion of the first blade and the cavity of the
second blade are in a central region of the bl ades. 12. The shear

ram BOP of Claim 10, wherein the first blade has a front surface configured
to cut the tubular in concert with a front surface of the second bl ade.
13. The shear ram BOP of C aim 12, wherein the front surface of the first

E’L?;ﬁdcﬁﬂ?{a‘l R gL REngBRl el Ry Rl e St A %?S%§a i ng
cut 1| e e Sérgf%ﬁh%cb(égg 8 Ficisecing el FAaRaed kbl of ner

at a first cutting edge, and he second cuttin sur f ace andC{
second ni r BGRITRtBMIOsks pravided i 8}%@!&? elgpgstedopyity grd 80% MBRY IS ng
edge. 14. The shear ram BOP of Claim 13, wherein the projection

por t i @erfauthe Hiest axémptieseis the ram blocks have frontal faces facing each other and the

frontal faces are configured to slide towards the second elongated cavity; and

a pair of shear blades configured to be attached to the ram blocks and also
configured to shear a tubular provided in the second elongated cavity when the ram
blocks slide towards the tool,

wherein the pair of shear blades comprises:

a first blade having cutting edges provided substantially in a same plane; and

a second blade having cutting edges provided in two planes substantially parallel
so that the cutting edges of the first blade fit between the cutting edges of the second
blade,

wherein the first blade has a projection portion configured to fit into a cavity of the

second blade.

11. The shear ram BOP of Claim 10, wherein the projection portion of the first

blade and the cavity of the second blade are in a central region of the blades.

12. The shear ram BOP of Claim 10, wherein the first blade has a front surface

configured to cut the tubular in concert with a front surface of the second blade.
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an upper part having a first projection cutting surface and a second
projection cutting surface; and a |lower part having a first
projection mrror cutting surface and a second projection mrror cutting
surface, wherein the first projection cutting surface and the first
projection mrror cutting surface intersect each other at a first cutting
edge, and the second projection cutting surface and the second
projection mrror cutting surface intersect each other at a second cutting
rst cutting

edge. 15. The s r BOP_of O aim 14, wherein, the fi
surface i nﬂ%-rg'&:?rée%r?ﬁ‘hlgﬁé qfia(ﬂ]@'i“ ﬂ)?’di”é%rfairbwei([ﬁ”f tH a%??%@i’,rs&m‘éé%econd
cutting surface intersects with the second projection cutting surface, the
first CRNPF®PS.cutting surface intersects with the first projection mrror
cutting surface, and the second mirror cutting surface intersects with the
second pr opes¢ippenpart hawng @dirst eujtirgisdriage and a secorbcutiipg syfees; angdm BOP of
Claim12, wherein the front face of the second bl ade conprises: a first
cutting suaflaeer;part having adiestonidroc gtitinggusface aod a sesond moienos egttisgwi t h t he
first cutting surface to forma first cutting edge;

surface,

wherein the first cutting surface and the first mirror cutting surface intersect each
other at a first cutting edge, and

the second cutting surface and the second mirror cutting surface intersect each

other at a second cutting edge.

14. The shear ram BOP of Claim 13, wherein the projection portion further
comprises:

an upper part having a first projection cutting surface and a second projection
cutting surface; and

a lower part having a first projection mirror cutting surface and a second

projection mirror cutting surface,

wherein the first projection cutting surface and the first projection mirror cutting
surface intersect each other at a first cutting edge, and

the second projection cutting surface and the second projection mirror cutting

surface intersect each other at a second cutting edge.

19



athird cutting surface that intersects wth the second cutting surface;

and a fourth cutting surface that intersects with the third cutting
surface to forma second cutting edge, wherein the second cutting
surface forns a V-shape with the third cutting surface. 17. The

shear ram BOP of Claim 16, wherein the first to fourth cutting surfaces
forma Wshape and the cavity is fornmed in a central apex of the Wshape.
18. The shear ram BOP of Claim 17, wherein the first and second cutting

it act ur o ChanrPEEF i Ceind denBideRLiinest suntnamdits AR

prevent. i Si a.firs e vVing a

r, the nethod copprising: formn bl ade.
P ot Witk the e AkaeCsry PG Sk s SR Pt RS At Msasilt Y gt | ng a
secure positioning of the tubular relative to the first bl ade; i
f or m $§CAN BERIOR cHingraiass. Werfrsiipiricpiting sugaee iigissgtsavideteiisyeonet ry
different fromthe first geonetry, the second geonetry pronoting a
punct rejagtiart mirr qutting agei and {r@ gaponp mgjrror cutting surface intersects with

the second projection mirror cutting surface.

16. The shear ram BOP of Claim 12, wherein the front face of the second blade
comprises:

a first cutting surface;

a second cutting surface that intersects with the first cutting surface to form a first
cutting edge;

a third cutting surface that intersects with the second cutting surface; and

a fourth cutting surface that intersects with the third cutting surface to form a
second cutting edge,

wherein the second cutting surface forms a V-shape with the third cutting

surface.

17. The shear ram BOP of Claim 16, wherein the first to fourth cutting surfaces

form a W-shape and the cavity is formed in a central apex of the W-shape.

18. The shear ram BOP of Claim 17, wherein the first and second cutting edges

are substantially parallel to each other.
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formng cutting edges on the front cutting faces of the first and second
bl ades; and installing the first and second bl ades in a sane bl owout
preventer, wherein the cutting edges of the first and second bl ades
are configured to cut the tubular when actuated. 20. The net hod of
Claim19, further conprising: formng a projection portion in the first

bl ade; and formng a cavity in the second bl ade, the cavity being
configured to receive the projection portion.

19. A method for manufacturing shear blades for cutting a tubular inside a
blowout preventer, the method comprising:

forming a first blade having a front cutting face having a first geometry, the first
geometry promoting a secure positioning of the tubular relative to the first blade;

forming a second blade having a front cutting face having a second geometry
different from the first geometry, the second geometry promoting a puncturing of the
tubular prior to cutting;

forming cutting edges on the front cutting faces of the first and second blades;
and

installing the first and second blades in a same blowout preventer,

wherein the cutting edges of the first and second blades are configured to cut the

tubular when actuated.

20. The method of Claim 19, further comprising:
forming a projection portion in the first blade; and
forming a cavity in the second blade, the cavity being configured to receive the

projection portion.
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